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RESUME 


Les  auteurs  ont  mis  au  point  une  methode  permettant  la  preparation 
d’explosifs  de  grande  energie  en  grains  a  base  de  tolite  et  d'aluminium 
additionnes  ou  non  d'hexogene;  ces  grains  ont  un  diametre  moyen  de  3  mm. 
Leur  ecoulement  semblable  a  celui  des  liquides,  leur  resistance  a  l'eau, 
leur  longue  duree  de  vie  et  leur  utilisation  possible  dans  une  large 
gamme  de  tempgratures  en  font  des  explosifs  tres  interessants  pour 
certaines  applications  dans  le  domaine  du  genie  militaire.  La  methode 
repose  sur  la  formation  de  gouttelettes  d'une  suspension  liquidc 
d'explosif  a  l'extremite  d'une  buse  de  petit  diametre  immergee  3U 
sommet  d'une  colonne  d'eau.  Les  gouttelettes  sc  solidifient  lors  de 
leur  chute  dans  la  colonne  d'eau.  Pour  eviter  1 ' accumulation  d ' electricite 
statique  sur  les  grains  secs,  on  les  rend  partiel lement  conducteurs 
en  les  enrobant  d'une  mince  couche  de  carbone.  Les  etudes,  d'abord 
entrepriscs  en  laboratoire,  ont  ete  poursuivies  a  l'echelle  de  l'usinc- 
pilote  dans  une  colonne  de  44  cm  de  diametre  pouvant  produire  jusqu'a 
90  kg  d' explosifs  par  coulee.  Dans  le  cadre  de  1 'evaluation  du  pouvoir 
excavateur  de  ces  nouveaux  produits,  on  a  fabrique  environ  deux  tonnes 
d' explosifs  de  deux  compositions  differentes.  (NC) 


ABSTRACT 


A  method  has  been  developed  for  the  production  of  high  energy 
blasting  prills  (HEBP)  containing  TNT/A1  or  TNT/RDX/A1 ;  the  average 
particle  size  of  the  prills  is  approximately  3  mm.  Such  HEBP  explosives 
seem  attractive  for  special  military  engineering  applications  because 
they  are  free- flowing,  water  resistant,  have  a  long  shelf  life  and  can 
be  used  over  a  wide  temperature  range.  The  method  consists  of  forming 
fluid  droplets  of  a  molten  mixture  of  explosive  at  the  tip  of  a  small- 
diameter  nozzle  immersed  in  the  top  of  a  water  column.  After  the  drop¬ 
lets  leave  the  nozzle,  they  solidify  as  they  fall  through  the  remainder 
of  the  column.  To  avoid  building  up  static  charges,  the  prills  are 
made  semi-conductive  by  coating  them  with  a  thin  layer  of  graphite . 
Studies  were  first  undertaken  in  the  laboratory  and  then  scaTed  up  to 
a  44-cm  diameter  pilot-plant  prilling  column  that  can  produce  about 
90  kg  of  prills  per~"’batch.  Some  1000  kg  of  each  of  two  different 
composiJ_Lpns  were  produced  for  determination  of  their  cratering 
characteristics  (in  a  separate  study 1 .  (10 
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1.0  INTRODUCTION 


A  study  was  undertaken  at  Defence  Research  1 stabl ishment 
Valcartier  (DRF.V)  in  dune  1072  to  investigate  the  production  and 
properties  of  multi -ingredient  explosive  prills  with  a  typical  sire 
of  3  to  5  inm.  Subsequently  renamed  as  high  energy  blasting  prills  (HEBP) 
they  are  attractive  for  special  military  engineering  applications  because 
they  are  free-flowing,  water  resistant,  have  a  long  shelf  life  and  can 
be  used  over  a  wide  temperature  range.  Another  possible  application  is 
as  a  replacement  for  the  less  powerful  TNT  prills  in  slurry  explosives. 

HEBP  explosives  consist  of  one  or  more  energetic  ingredients 
supported  by  a  fluid  (TNT)  that  solidifies  upon  cooling.  Several 
formulations  of  different  ratios  of  TNT,  RD\,  aluminum  and  ammonium 
perchlorate  were  produced  on  a  laboratory  scale  to  determine  their 
processing  characteristics,  and  to  evaluate  some  of  their  physical  and 
explosive  properties;  these  latter  properties  will  be  described  in  a 
future  report.  The  process  was  then  scaled  up  to  pilot-plant  size,  and 
two  formulations  of  about  1000  kg  each  were  produced.  These  explosives 
were  sent  to  Defence  Research  Establishment  Suffield  (DRES)  for  deter¬ 
mination  of  their  cratering  characteristics  in  the  fall  of  1974  (1). 

This  document  covers  the  studies  conducted  at  DREV  on  IIEBP 
explosives  from  their  inception  in  June,  1972,  through  to  mid-IP"!.  The 
work  was  carried  out  under  Project  10-28-48  (Explosives  Research  and 
Engineering) . 


2.0  LABORATORY -SCAN  STUDIES 


Laboratory  studies  established  an  experimental  procedure  for 
producing  HEBP  explosives  and  determined  the  parameters  controlling  the 
properties  of  the  finished  product.  Moreover,  these  studies  were 
necessary  to  acquire  the  knowledge  to  scale-up  the  process. 

2.1  Method 


The  method  developed  for  producing  HEBP  explosives  consists  of 
forming  fluid  droplets  of  a  molten  mixture  of  explosive  at  the  tip  of  a 
■small -diameter  nozzle  immersed  in  the  top  of  a  water  column,  the  upper¬ 
most  part  of  the  column  being  heated.  After  the  droplets  leave  the 
nozzle,  they  fall  through  a  colder  portion  of  the  water  column  where  they 
solidify  keeping  their  initial  slfape.  Finally,  the  prills  accumulate 
in  a  catch  pot  at  the  bottom  of  the  column. 


_ . _ 
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2 . 2  Apparatus 

The  basic  apparatus  consists  of  a  holding  pan  and  a  nozzle  sup 
ported  by  a  vertical  tower  filled  with  water  and  terminated  at  the  bottom 
by  a  catch  pot.  A  diagram  and  photograph  of  the  apparatus  are  shown  in 
Figs.  1  and  2,  respectively.  The  jacketed  holding  pan,  where  the  explo¬ 
sive  is  melted,  is  cylindrical  at  the  top  with  a  23-cm  diameter  by  20- cm 
deep  spherical  bottom.  The  molten  explosive  is  stirred  lightly  l*>  an  air 
turbine  rotating  at  about  50  r/min. 

As  shown  in  Fig.  3,  a  nozzle  is  located  in  the  centre  of  the 
bottom  of  the  pan;  nozzle  diameters  used  were  1.52,  2.06  and  2.54  mm. 

To  ensure  that  the  heat  barrier  is  low,  the  nozzle  tubes  are  made  of 
thin  stainless  steel.  A  brass  holding  ring  is  press  fit  onto  the 
nozzle,  prior  to  press  fitting  this  assembly  into  the  pan. 

A  jacketed  nozzle  was  also  designed  to  prevent  blockage  due  to 
cooling  of  the  molten  liquid  in  the  nozzle.  It  was  subsequently  deter¬ 
mined  that  blockage,  when  it  occured,  was  not  caused  by  cooling,  but 
rather  by  the  build-up  of  explosive  crystals  and  aluminum  particles  at 
the  tip.  This  jacketed  nozzle  was  therefore  discarded  since  it  did  not 
solve  the  problem,  and  was  cumbersome  and  complicated  to  build. 

To  obtain  a  good  reproducibility  of  the  prill  distribution  and 
to  avoid  frequent  blockage  of  the  nozzle,  the  tip  of  the  nozzle  must  be 
immersed  in  at  least  4  cm  of  hot  water.  Reproducibility  is  even  better 
when  the  water  level  is  about  2  mm  beneath  the  holding  pan.  The  temper¬ 
ature  of  the  hot  water  in  the  section  of  the  column  close  to  the  nozzle 
must  also  be  at  least  equal  to  or  slightly  higher  than  the  temperature 
of  the  explosive  in  the  pan. 

Initially,  it  was  felt  that  agglomeration  of  the  prills  might 
occur  in  the  catch  pot  because  the  prills  tended  to  fall  from  the  nozzle 
down  through  the  column  in  a  straight  lino,  thereby  all  landing  in  the 
same  place.  Two  methods  of  agitation  in  the  upper  portion  of  the  column 
were  investigated  to  disperse  the  falling  prills  somewhat.  The  first 
consisted  of  bubbling  air  in  the  column,  and  the  second  consisted  of 
mechanical  agitation.  Both  were  discarded  at  a  later  stage  because 
the  agglomerated  prills  came  apart  easily  when  the  catch  pot  was  emptied. 
In  addition,  agitation  raised  new  problems:  by  forming  air  bubbles  at 
the  nozzle  tip  with  the  first  method;  and  by  giving  less  control  of  the 
water  temperature  in  both  sections  of  the  column  with  the  second. 

The  upper  end  of  the  20-cm  diameter  by  2.15-m  high  tower  was 
equipped  with  an  ajustable  overflow  for  controlling  the  water  level  in 
the  column  and  a  13-cm  diameter  by  30-cm  high  copper  coil  for  heating 
the  water  in  this  section  of  the  column.  The  bottom  of  the  column  was 
closed  by  a  catch  pot  made  of  stainless  steel;  a  cold-water  inlet  was 
connected  to  the  side  of  this  pot. 


i 
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The  temperatures  in  the  different  sections  of  the  apparatus  were 
normally  measured  by  thermometers  or  thermocouples  and  manually  controlled. 
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2 . 3  Procedure 

The  column  was  prepared  by  introducing  tap  water  (  15°C)  through 
the  cold-water  inlet  on  the  catch  pot  and.  once  the  column  was  full, 
discharging  it  through  the  overflow.  Hot  water  and/or  steam  were  circu¬ 
lated  through  the  heating  coil  inside  the  column  and  the  holding  pan. 

The  water  level  was  adjusted  so  that  the  nozzle  was  immersed  in  at  least 
4  cm  of  hot  water.  In  most  instances,  500  to  1000  g  of  explosive  were 
melted  and  mixed  in  the  holding  pan  prior  to  being  ejected  through  the 
nozzle.  Upon  completion  of  each  run,  the  prills  accumulated  in  the 
catch  pot  were  dried  and  weighed,  and  then  their  size  distribution, 
composition,  bulk  and  absolute  densities  were  determined. 

2.4  Results 


Table  I  summarizes  the  experiments  performed  to  develop  the  lab¬ 
oratory-scale  technique  of  pelletizing  multi- ingredient  explosives.  \ 
total  of  25  runs  are  reported,  involving  13  different  HEBP  compositions. 
Some  runs  carried  out  are  not  reported  because  they  were  of  little 
significance  and  judged  unnecessary  for  a  sound  understanding  of 
the  process. 

2.4.1  Compos i t ions 

All  compositions  contained  TNT  as  the  carrier  fluid  for  other 
ingredients.  Run  1  contained  only  TNT  whereas,  in  the  others,  a 
fraction  of  this  energetic  fluid  was  replaccJ  by  some  combination  of  RDX , 
aluminum  ( A 1 j  and  ammonium  perchlorate  (AP)  to  investigate  the  possibility 
of  substituting  some  of  the  TNT  by  these  materials.  The  RPX  content 
varied  between  0  and  b0l>  while  the  AP  and  A1  contents  ranged  from  0  to  30®#. 
The  theoretical  densities  calculated  from  the  crystal  density  of  each  of 
the  ingredients  ranged  from  1.65  g/cm3  for  pure  TNT  (2)  to  2.02  g/cm' 
for  the  formulation  TNT/RDX/A1:  35/35/30.  The  bulk  densities  of  these 
two  formulations  measured  in  a  5-cm  diameter  cylinder  were  1.04  and 
1.2b  g/cm3  respectively. 

Table  I  also  gives  the  chemical  analyses  of  the  prills  produced 
and  their  size  distributions.  The  analyses,  based  on  the  preferential 
dissolution  of  TNT  in  benzene  and  RDX  in  acetone,  show  that  the  INI' 
content  was  often  1  to  2#  higher  than  the  formulated  composition,  l'he 
prill  size  fractions,  obtained  by  dry  sieving  of  pellets  with  a  DRl  \  - 
designed  round-hole  sieve,  were  generally  between  0  and  5  mm. 

l'he  formulations  containing  RDX  were  prepared  from  a  combination 

of  Composition  B,  TNT  and  either  A1  or  AP.  Since  Composition  B 
contains  some  wax,  the  prills  produced  also  contained  wax  as  a  desensitiz¬ 
ing  additive.  No  desensitizer  was  added  to  runs  1,  2  and  3, which  did 
not  contain  RDX. 
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To  impede  the  possible  reaction  of  aluminum  w i t h  water  or  water 
vapour,  ammonium  1 ignosul fonate  (a  deactivating  agent)  was  added,  in  a 
concentration  of  about  0.1®  by  weight,  to  formulations  containing 
aluminum.  Subsequent  testing,  however,  showed  that  no  gas  evolved 
when  prills,  with  or  without  lignosulfonate,  were  submerged  in  water 
at  20°C  for  50  days. 

2.4.2  Effect  of  Temperature  on  Prill  Formation 

Two  temperature  ranges  of  the  molten  suspension  of  explosive  were 
mainly  investigated:  the  first  between  the  melting  point  of  TNT  (81°C) 
and  86°C,  where  the  viscosity  of  the  suspension  is  relatively  high  and 
varies  rapidly  with  temperature  (3);  and  the  second  from  90  to  95°C,  where 
the  viscosity  is  lower  and  relatively  constant. 

The  effect  of  temperature  on  the  formation  of  prills  was  studied 
with  the  formulation  TNT/RDX/A1:  42/42/16;  data  from  Table  1  has  been 
reproduced  in  Table  II  for  ease  of  comparison.  Here  it  can  be  seen 
that  the  size  of  prills  decreased  with  increasing  temperature.  At  83°C, 

TABLE  II 


Effect  of  Temperature  on  Prill  Size  Distribution 


(TNT/RDX/A1: 42/42/16;  2.06  mm  nozzle) 


Temperature 

°C 

Bulk  density 
g/cm? 

Size  of  prills  (mm) 

%  by  weight 

0-1.5  1.5-3  3-5  >5 

Run 

83 

1.20 

1 

-- 

99 

— 

B 

86 

1.20 

1 

20 

79 

-- 

93 

1.21 

1 

33 

66 

-- 

H 

99°o  by  weight  of  the  prills  were  between  3  and  5  mm,  while  at  95°C  only 
66%  were  of  this  size,  33®  being  between  1.5  and  3  mm.  This  change  in 
size,  however,  had  no  effect  on  the  bulk  density,  which  remained  at  about 
1.20  g/cm-'.  These  results  indicate  that  if  a  uniform  prill  size  is 
required,  the  fluid  temperature  should  be  as  low  as  the  process  permits 
(85°C).  On  the  other  hand,  if  a  wider  distribution  is  acceptable,  the 
pellets  can  be  produced  at  a  higher  temperature. 

Why  this  is  so  can  be  explained  by  observing  the  formation  of  the 
prills.  At  temperatures  slightly  above  the  melting  point  of  the  TNT 
(83-86°C),  the  viscosity  is  relatively  high  and  the  flow  through  the  nozzle 
slow  enough  so  that  the  droplets  are  formed  one  by  one  at  the  tip  of  the 
nozzle;  when  enough  mass  is  present  to  overcome  the  surface  tension  at  the 
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nozzle  tip,  the  droplet  falls  off.  It  is  still  molten  ;it  this  point  and 
tends  to  flatten  slightly,  due  to  the  resistance  of  water.  When  the  explo 
sive  fluid  is  at  a  high  temperature  (•  l.>0°C)  ,  the  viscosity  is  substan¬ 
tially  lower  and  the  fluid  flows  in  a  continuous  manner  into  the  water 
column  and  breaks  up  into  droplets  of  different  sines,  likely  due  to  t In¬ 
stalling  effect  of  the  flow  into  a  stationary  medium.  A  varietv  of 
droplet  sizes  are  obtained  at  this  temperature,  often  with  a  needle  hole 
appearing  in  the  cooled  prills.  A  photograph  of  typical  prills  j  shown 
in  lig.  4;  although  they  appear  spherical  here  they  are,  in  fact,  some 
what  flattened. 


I'  I  GURU  4  -  1IEBP  containing  RDX/i'NT/Al 
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2.4.3  Effect  of  Temperature  >>n  Production  Rato 

The  rate  of  production  of  III  HI'  was  mainly  studied  at  83  and  9I°C 
with  the  formulation  TNT/RDX/A I : 40/40/20, using  the  2.06  mm  nozzle.  Table 
III  gives  the  results  of  three  runs  conducted  at  each  temperature.  Here 


TABU  111 

effect  of  Temperature  on  Product  ion  Rat e 
(TNT/RDX/A 1 : 40/40/20;  2. 06-ram  nozzle) 


Run 

Temperature 

°C 

Production  rate 
kg/h 

17 

83 

0.32 

18 

83 

0.36 

19 

83 

0.36 

Ave  =  0.35 

14 

91 

0.59 

15 

91 

0.63 

16 

91 

0.54 _ 

Ave  =  0.59 

it  can  be  seen  that  the  average  production  rate  increased  by  about  68% 
from  0.35  to  0.59  kg/h  when  the  temperature  was  raised  from  83  to  91°C. 
Although  not  measured,  the  viscosity  at  9l°C  can  be  estimated  from 
Ref.  2  to  he  about  60%  of  that  at  83°C. 

Using  data  from  run  3  of  Table  1,  the  production  rate  of 
TNT/A  1 : 80/20  prills  from  the  same  nozzle  diameter  (2.06  mm)  was  3.6  kg/b 
at  86°C.  That  is.  the  addition  of  RDX  to  the  composition  greatly  reduced 
the  production  rate  (a  direct  comparison  is  not  possible  because  the 
temperatures  were  not  the  same). 

2.4.4  Ilf  feet  of  Nozzle  Diameter  on  S  i  ze  of  Pr  i  1 1  s 

An  effective  nozzle  must  have  a  diameter  permitting  a  continuous 
flow  (i.e.  no  blockage)  and  production  of  prills  of  about  3  mm.  Kith  this 
in  mind,  nozzles  of  1.52,  2. ('6  and  2.54  mm  in  diameter  were  tested  with 
t wo  formulations  (TNT/RDX/A1 : 80/0/20  and  12/12/10) ;  the  results  are 
reported  in  Table  l\. 
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TABU:  IV 


Prill  Size  Distribution  lor  Three  Nozzle  Diameters 


Nozzle 

diameter 

nun 

Temp 

°C 

Compos  it  ion 

TNT  RUX  A1 

Bulk 

density 

g/cm1 

Prill  size  (nun) 

1  by  weight 

0-1.5  1.5-3  3-5 

>5 

Run 

1.52 

86 

80 

0 

20 

1.13 

3 

9 

88 

0 

2 

86 

42 

42 

16 

1.20 

0 

77 

23 

0 

6 

93 

42 

42 

16 

1.19 

4 

63 

32 

I 

8 

2.06 

86 

80 

0 

20 
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12 

When  both  the  1.52-  and  2.06-mm  nozzles  were  used  with  the  12/42/10 
composition,  the  prill  size  decreased  with  increasing  temperature,  as 
previously  noted  in  Sec.  2.4.2.  In  addition,  the  42/42/lb  prills  were 
smaller  than  5  mm  for  both  nozzles  at  both  test  temperatures  (So  and  93°C) . 
On  the  other  hand,  with  the  80/0/20  composition  lo"  of  the  prills  were 
greater  than  5  mm  using  the  2.06-mm  nozzle  at  8o°C,  whereas  none  were 
with  the  smaller  nozzle. 

While  not  directly  comparable,  because  the  temperature  was  differ¬ 
ent,  virtually  all  the  prills  were  greater  than  3  mm  and  nearly  half  were 
greater  than  5  mm  when  the  42/42/16  composition  was  prilled  through  a 
2.54-mm  nozzle  at  83°C.  These  prills,  however,  were  less  rounded  than 
those  from  the  other  two  nozzle  sizes. 

In  general  it  was  noted  that  the  bulk  density  was  not  affected 
by  either  nozzle  size  or  temperature,  and  that  the  1.52-mm  nozzle  tended 
to  block  with  the  42/42/16  composition. 
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3.0  PILOT -PLANT  PR  1 1.1.1  NC  TOUT R 


The  second  phase  of  this  investigation  was  to  scale  up  from  the 
single-nozzle  laboratory  column  to  a  pilot-plant  prilling  tower  capable 
of  much  higher  production  rates.  With  this  larger  installation,  pro¬ 
cessing  methods  suitable  for  industrial  exploitation  were  established 
and  about  two  tons  of  MTU’  explosives  were  produced  for  evaluation  in 
cratering  trials  (1). 

3. 1  Details  and  Operation  of  the  Tower 

A  schematic  of  the  tower,  with  its  44-cm  diameter  water  column, 
is  given  in  Fig.  5,  and  a  photograph  in  Fig.  h.  The  increased 
production  rate  was  achieved  by  placing  39  nozzles,  rather  than  just  one, 
at  the  top  of  the  enlarged  water  column.  Batches  of  approximately  90  kg 
of  prills  were  processed  with  the  basic  TNT/Al:80/20  formulation;  this 
was  reduced  to  about  70  kg  when  RPX  was  added. 

3.1.1  Melting  Hopper 

The  melting  hopper  consists  of  a  1-10- C  stainless-steel  jacketed 
kettle.  The  agitation  of  the  explosive  in  this  steam-heated  kettle, 
which  is  operated  at  atmospheric  pressure  and  a  preselected  temperature, 
is  obtained  by  a  U-shaped  stirrer  rotating  at  80  r/min.  The  kettle  is 
equipped  with  an  automatically  controlled  flush-mounted  dumping  valve, 
located  at  the  centre  of  its  round  bottom,  and  a  3.8-cm  diameter  heated 
pipe  that  feeds  the  dropping  pan. 

3.1.2  Drop  Pan  and  Nozzle  Assembly 

The  sides  of  the  drop  pan  are  formed  by  a  30-cm  diameter  by 
30-cm  deep  stainless  steel  cylindrical  jacket.  A  bore  plate,  attached 
to  this  cylinder  with  screws,  forms  the  bottom  of  the  pan.  The  39 
nozzles  (2.06-mm  inside  diameter)  are  inserted  into  the  bore  plate 
symetrically  around  three  different  diameters,  as  illustrated  in  Fig.  7. 
Bach  stainless  steel  nozzle,  7  cm  long,  is  press  fit  into  a  brass 
cylinder  which  is,  in  turn,  press  fit  into  the  bore  plate.  The  nozzle 
is  depicted  in  Fig.  5,  and  a  photograph  of  one  is  shown  in  Fig.  8. 

The  level  (head)  of  the  molten  explosive  over  the  inlet  of  the  nozzles  can 
be  adjusted  at  will,  something  that  could  not.  be  readily  done  in  the 
laboratory-scale  setup. 

3.1.3  Column  and  Catch  Pot 


The  44-cm  inside  diameter  column  is  made  of  1-em  thick  plexiglass. 
At  the  top  and  bottom  there  are  aluminum  flanges  held  together  by  steel 
rods  running  outside  the  column;  and  the  bottom  flange  is  firmly  bolted 
to  a  supporting  steel  frame  that  also  holds  the  catch  pot  (Figs.  5  and  b) . 
The  water  in  the  upper  part  of  the  column  is  heated  by  a  30-cm  diameter 
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by  33-cm  high  copper  tube  coil  fed  with  condensing  steam;  the  coil  is 
immersed  in  the  water  of  the  column.  Thermocouples  and  thermometers  are 
located  at  several  positions  in  the  column. 

The  aluminum  catch  pot,  with  an  inside  diameter  of  4<>  cm  and  an 
equal  depth,  has  a  capacity  of  80  Z ;  it  is  bolted  to  the  tower  support 
under  the  column.  The  valve  used  to  drain  the  column  after  completion 
of  a  batch  is  fitted  with  a  filter  to  stop  prills  from  draining  with 
the  water.  ' 

3.1.4  Operating  Tempera tore 

Although  laboratory  studies  into  the  effect  of  temperature  on 
prill  formation  (Sec.  2.4.2)  and  production  rate  (Sec.  2.4.3)  had 
been  conducted,  the  operating  temperature  of  the  pilot-plant  tower 
was  dictated  almost  solely  by  performance  of  the  tower  after  it  had 
been  started  up.  It  was  found  that  a  temperature  of  83  to  8o°C  gave  a 
satisfactory  production  rate  with  an  acceptable  prill  sir.e  distribution. 
If  the  temperature  was  increased  above  this  level,  the  prills  were  formed 
too  rapidly,  leading  to  problems  of  accumulation  in  the  column.  Also, 
these  lower  temperatures  resulted  in  less  TNT  vapour  being  formed  in  the 
working  area,  a  factor  that  was  not  significant  in  the  laboratory  tests. 

The  molten  explosive  suspension  is  fed  into  the  drop  pan  when 
the  recorded  temperatures  of  the  hot  water  (in  the  upper  section  of 
the  column)  and  of  the  molten  explosive  in  the  melting  pot  and  the  drop 
pan  constantly  oscillates  between  83  and  86°C.  The  temperature  is 
controlled  by  proportional  pneumatic  valves,  which  are  actuated  by 
monitoring  units  each  connected  to  a  thermocouple.  The  water  in  the 
lower  part  of  the  column  is  about  10°C,  but  there  is  no  temperature 
control  for  the  tap  water  injected  into  the  column  at  about  1  f/min. 

3.1. 5  Level  of  Explosive  in  Drop  Pan 

The  level  of  explosive  in  the  drop  pan  is  maintained  by  a  con¬ 
troller  actuating  a  flush-mounted  dumping  valve,  at  the  bottom  of  the 
hopper,  which  is  proportionally  operated.  This  level  is  maintained  at 
6  cm  for  formulations  containing  RT>X  and  at  1  cm  for  the  less  viscous 
TNT/A1  formulation. 

3.1.6  Graph  it izat ion  of  Prills 

After  completion  of  a  batch, the  column  is  drained  and  the  catch 
pot  removed  from  its  support.  Then  the  prills  are  put  in  trays  and  dried 
overnight  by  circulating  warm  air  (~40°C)  across  the  trays.  A  sample  of 
about  1  kg  is  taken  to  determine  the  particle  sice  distribution  and  bulk 
density. 

To  avoid  the  build-up  of  static  charges,  the  next  operation 
consists  of  making  the  surface  of  the  prills  semi -conductive  by  covering 
them  with  a  very  thin  film  of  graphite.  This  graph i t i zation  is  achieved 
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by  plunging  and  shaking  about  10  kg  of  dry  prills  at  a  time,  in  a  wire 
mesh  basket,  in  a  colloidal  suspension  of  graphite  (8°  by  weight)  in 
isopropanol  for  about  one  minute.  Finally,  the  prills  are  again  put 
in  trays  and  dried  overnight;  the  conductance  is  then  checked  and  the 
prills  stocked  in  semi -conductive  bags. 

The  electrical  resistance  of  coated  prills,  measured  between  two 
18-cnr  cylindrical  plates  2.5  cm  apart,  was  lower  than  0.5  x  10&0  compared 
to  values  higher  than  20  x  10l’ft  for  uncoated  prills.  In  practice,  the 
graphitizat ion  of  prills  proved  to  eliminate  the  build-up  of  static  charges 

3.2  Results 


After  the  operating  conditions  of  the  pilot  plant  prilling  tower 
were  established,  the  production  of  1000  kg  of  each  of  TNT/RDX/A1 : 40/40/20 
and  TNT/A1 : 80/20  was  undertaken.  Chemical  details  of  the  ingredients  used 
are  contained  in  Appendix  A.  As  previously  noted  in  Sec.  1.0,  these 
HKBP  explosives  were  subsequently  sent  to  OKI'S  for  determination  of  their 
cratering  characteristics  (1). 

3 . 2 . 1  Formulat ion  TNT/R0X/A1 : 40/40/20 

Sixteen  batches  were  required  to  produce  about  1000  kg  of  40/40/20 
prills;  the  production  rate,  prill  size  distribution  and  bulk  density  for 
each  of  these  batches  are  listed  in  Table  V. 

The  average  production  rate  was  14.7  kg/h  (=  0.38  kg/h/nozzle) , 
which  compares  favourably  with  the  0.34-kg/h  average  of  laboratory  runs 
17  and  19  (Table  l)  with  the  same  composition,  nozzle  and  operating 
temperature. 

The  prill  size  distributions  are  also  similar  to  those  obtained 
during  the  laboratory  studies.  Slight  differences  from  batch  to  batch 
and  from  the  laboratory  studies  can  be  explained  by  the  larger  variation 
of  the  temperature  in  the  plant  scale  (*  3°C)  than  in  the  laboratory 
studies  (*  1.5°C). 

The  bulk  density  of  the  prills  obtained  was  about  1.22  g/cm’, 
the  same  value  measured  during  the  laboratory  studies. 

The  TNT,  RDX  and  A1  content  of  the  prills  was  determined  by 
chemical  analysis  for  runs  CR-1  to  3.  Since  the  percentage  of  each 
ingredient  was  identical  to  the  calculated  formulation  for  two  of  the 
three  runs,  and  only  ll  off  for  TNT  and  R0X  in  the  third  run,  this  test 
was  judged  unnecessary  and  discontinued. 

The  water  content  of  many  samples  of  the  finished  product, 
determined  by  the  Karl  Fisher  method, showed  that  the  prills  generally 
contained  between  60  to  90  ppm  of  water. 
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3.2.2  Formulut ion  TNT/A  1 : 8'V20 

Thirteen  batches  were  required  to  produce  about  1000  kg  of  80/20 
prills;  the  production  rate,  prill  size  distribution  and  bulk  density 
for  each  of  the  batches  are  listed  in  Table  VI. 

The  average  production  rate  was  73.0  kg/h  (1.87  kg/h/nozzlc) , 
which  is  only  about  half  t he  3.6  kg/h  obtained  from  laboratory  run  3 
(Table  l)  with  the  same  composition,  nozzle  and  operating  temperature. 
This  was  due  to  the  much  lower  head  of  molten  explosive  over  the  nozzle 
in  the  drop  pan  of  the  tower,  which  was  only  1  cm  (Sec.  3.1.5)  as 
compared  to  anything  from  1  to  10  cm  in  the  laboratory  run. 

The  much  higher  production  rate  of  the  80/20  prills,  73.0  kg/h 
compared  to  14.7  kg/h  for  the  40/40/20  prills,  is  explained  by  the  much 
lower  viscosity  of  the  molten  suspension  of  the  former.  The  molten 
explosive  containing  80°  of  TNT  and  20"  of  solids  is  obviously  much  more 
fluid  than  one  that  contains  only  half  that  amount  of  TNT  and  three 
times  the  quantity  of  solids. 

A  comparison  of  the  average  prill  size  distribution  of  the  tower 
prills  to  that  of  laboratory  run  3  shows  that  the  percentage  of  prills 
in  excess  of  5  mm  was  greatly  reduced  in  the  tower.  This  can  again 
be  explained  by  the  lower  head  of  explosive  over  the  nozzles  because 
the  prills  will  form  more  slowly  and,  therefore,  more  uniformly. 

The  average  bulk  density  of  the  tower  prills  was  1.12  g/cm3, 
which  compares  favourably  with  the  1.13  g/cm3  obtained  in  the  laboratory. 

The  TNT  and  A1  content  of  the  prills  was  determined  by  chemical 
analysis  for  runs  TR-1,  2  and  5.  When  they  were  found  to  be  identical 
to  the  formulated  composition,  this  determination  was  discontinued. 
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4.0  CONCLUSIONS 


A  pilot-plant  prilling  tower  for  the  production  of  high-energy 
blasting  prills  (HEBP) »  ns  conceived  at  DREV,  has  been  developed,  built 
and  put  into  operation.  It  can  produce  about  90  kg  per  batch  at  rates 
of  73.0  kg/h  of  TNT/A1: 80/20  prills  or  14.7  kg/h  of  TNT/RDX/A1 :40/40/20 
prills.  The  difference  in  production  rates  depends  solely  on  the  much 
lower  viscosity  of  the  formulation  with  80°o  of  TNT. 

Chemical  analyses  conducted  on  both  types  of  prills  found  the 
final  composition  to  be  identical  to  the  formulated  composition,  indicating 
that  the  molten  explosive  suspension  was  homogenous  in  both  the  melting 
hopper  and  the  drop  pan. 

For  a  given  formulation,  the  production  rate  and  prill  size 
distribution  depend  on  the  nozzle  size,  the  operating  temperature  and 
the  head  of  explosive  above  the  nozzles.  An  operating  temperature  of 
83  to  86°C  with  2.06-mm  diameter  nozzles  was  used  for  the  production  of 
prills  in  the  tower.  The  head  of  explosive  was  maintained  at  6  cm  for  the 
40/40/20  prills  and  at  1  cm  for  the  less  viscous  80/20  prills.  Under 
these  conditions  the  average  particle  size  of  the  prills  was  about  5  mm. 

To  eliminate  the  build-up  of  static  electrical  charges  on  the 
prills,  a  graphitization  process  was  developed  that  deposits  a  thin 
coat  of  graphite  over  the  prills.  By  so  doing,  the  electrical  resistance 
was  reduced  from  20  x  106  to  0.5  x  1060  and  thereby  rendered  the  prills 
safe  to  handle  and  store  for  long  periods.  In  addition,  the  HEBP  does  not 
react  with  water. 

It  is  felt  that  these  HEBP  explosives  have  excellent  properties 
for  special  military  applications.  The  1000-kg  productions  of  each  of 
the  80/20  and  40/40/20  compositions  were  sent  to  ORES  (Defence  Research 
Establishment  Suffield)  for  determination  of  their  cratering  character¬ 
istics.  The  results  of  these  trials  are  given  in  Ref.  1. 


5.0  ACKNOWLEDGEMENTS 


The  authors  would  like  to  thank  Messrs.  J.Y.  Belanger, 

T.S.  Sterling  and  A.K.  Roberts  for  valuable  discussions  and  their  inter¬ 
est  in  this  work.  Dr.  K.S.  Kalman  was  responsible  for  the  preliminary 
laboratory-scale  studies,  and  Dr.  R.  MacDonald  carried  out  the  chemical 
analyses.  The  laboratory  and  pilot-plant  scale  runs  were  conducted  by 
Messrs.  J.  Jacques  and  J.  Bigras  respectively. 


■ 


UNCLASSIFIED 

21 


b.O  REFERENCES 


Bauer,  A.,  Crosby,  W.A.  ,  Allen,  E.J.  and  Heater,  R.D.,  1975  "Evalu¬ 
ation  of  Pelleted  RDX/TNT/A1  as  a  Cratering  Explosive"  (Contract 
No.  SSQ4  0079),  Mining  Engineering  Department,  Queen's  University, 
Kingston,  Ontario. 

Tomlinson  Jr.,  W.R.,  "Properties  of  Explosives  of  Military 
Interest"  (U)  ,PIC  TR-1740  Rev.  1,  April  1958,  UNCLASSIFIED. 

Roch,  H.W.  and  Freiwald,  H. ,  "Ueber  die  Rheologishen  und  Andere 
Eigenschaften  der  Suspensionen  von  Hexogen  in  Geschmoltenem 
Trinitrotoluol,"  Explosivstoffe ,  Vol  9,  No.  10,  1961. 


Sf  •  3 

*  'O  3 

0  3  0  3 

0.0'  k-  k- 

O.  O.  O 


O  00  *>  — 

O  CO 

a:  •  o  c 

a.  CO 


—  E  *o 

u.  0  3 

—  0.0 

l/l  o. 

'./}  o  - 

<  —  o 

— J  o  k-< 

U  > 

3  2S.S 


O  '  3  a 

"3r!  o  i- 

0  3  3  0 


:  o  i  o 
:  *0  o  ’*  3 
s  -  C  X 
*  —  -  O  *./ 


/  U  o  ’•- 

>  -  c  c 

-  C  o.  — 
3  rt  O. 
VJ  >  3  X 
0  3-30 
3  0 

g.^g73 


-  E  -3  C 

o  u  o 

^  o  o 

B  T  « 


/  X  O  o  o 

3  -3 

—  0*0 
>  O'-*.-: 

•  C  C  3* 

O  C  /■  - 

:  o  c  c 

<  n.  «  B  £ 

o  o  o  n 


J  c  o  •  rt 

/  a.  c  o 

/  O  3  ‘O  C 

/  c  —  O  • 
:*-<'/  3  */> 

J  c  c  o  *  o 

:  o  a  o  v.  ►. 

:  3  ,  *-*  c 

.3  C  —  O 
U  o  «  3  V- 

*  O  k->  0.3  'O 

:£  o  o 


*  o  C  3  V. 

i/i  c  <-  «  c 

0—0.00 
3  (A  X  >  — 

3  3  O  3  *z 

~  -  Z  O  — 

.'O  —  3  C  </> 


•*-  c  —  . 

—  O  *-*  (A  3 

i/.  —  rt  o  « 

O  X  O  !/)  J  — *  O  I 

—  C  rt  3  'k-  O.- 

0.0  —  O  —  X  3  I 

K  C  £  -  n.  •  o  e 
O  E  0  0-0 

—  3  O  3  C 

3  O  <A  O  O.  —  C 

X  rt  O  O 

C</*-<00«J3— • 
0*0  C  •-  -  —  O 

—  C  O  >  <a  —  3  O 

*-■  C  E  0—0* 

«00036  —  O 
V*  —  3  —  c 

rt  *-■  3  *J  O  3 

O.  —  O  O  C  —  C- 

'0  3  U  *0  O  C  0  3 

I-  3  'O  k*  «k*  *0  — 

a.  re  3  oo  •/■.  *j 

C  3  C  CO 

rt  E  3  O  3  O  E 

—  Boo  3  a.  E 

—  1  rt  <A  v)  O 

*-*  e  oe  o  o  3  w> 

C  —  C  k*  C  ia 

rt  §  •  O  3  —  3 

k<  3  E  —  k/  rt  o  rt 

«->  —  2  race; 

o  «  o  o  o  3  o 

E  -  iO  3  'O  3  -  *o 
I-  3  O  O.  3  00 

O  o  —  E  o  c 

C*.  k>  3  O  —  i/l  O 

O  *  ♦-•  O  E 

O  C  3  </>  m  g 

300P30C**  — 

O  «->  >,  o  3  «  o 
X  —  O  -  3—0 

*•>  —  E  —  O  O  C 

'e  £  o  /rt  !  C  £  /o 

V*  rt  O  3  E 

OOkzOW—  OPS 
0  3/00  oc  — 

3  E  C  O  PS  3 

o  rt  «  oo  o  o 

»'  J  k*  —  3  *J 

C  rt  3  (/>  PS  —  — 

—  X  —  —  O.  C  fr* 

o  c  </.  a.  o  o 

o.  /p;  3  *o  o  pJ  —  o. 

k.  C  «z 

3  •/!  *-<  3  tA  «J  o 

rt  C  C  k*  O  E  3 

—  O  3  'A  C  E 

i/.  rt  O  K  —  O  O 

**  o  •/)  —  rt  rt  >*.  i/) 

E  o/,  c  3  *-*  3 

—  *  k*  rt  x 

*-<crt'/io«/  — 
c  o  c  o  —  o  o 

O  00  3  X  U  C 

o  ——033 

1/.  —  •/,  3  •/)  3  i/t  • 

k*  W  O  (T  /'  O  3 

3  O  O  —  O  O.  O 

O  O  —  Cl.  ;/,  *o 

*-•  O  Hi  O  H 

3  '  O  ••  •/,  C  */  &.— 

rt  O  O  O  C  O  E 

O  C  3  —  rt  U  »C/ 

'/  3/0  f-<  'A  E 

O  C  04  —  rt  I/i  O 

-J  rt  O  3  '/.  O  3  X 

C  X  —  —  u  o  O 

00  O  !/-'£/£• 

£  O  ■-*  w  K  - 

O  -  c  *o 

3  3  /n  3  «  e  /n  - 


c.  o  I 
o  3  0 

:  ^  h  fr 

10  3  3  0 
—  0*00 


3  'O  O  0  3 

a  -  u  x 

H  —  —  O  O 

<3  3  3 

J  /PS  3  »- 

O 

U  If.  v<  o 

3  O  O.  >  — 

3  !/l 

u  >  *-<  o  o 

=  —  C  Cl.  — 

J  3  rt  Q. 

3  -/»  >  3  X 

3  t-  3  3  O 

-/  3  O 

O  Q.  C  3 

u  a  o 


\  O  3  *0  X 

-0—0 

0  3  3 


■3  0  0  O 

^  *-■  O  ►* 

5  rt  1 

-  U  -r  3  > 

:  o  rt  c 

•j  £>  O  •/  o 


-  c  c  o* 

O  C  IA  7* 

3  OCk- 

u  1/1  —  PS  £ 

o  o  rt  rt 

I.  Ill  u  *- 

3  o  •« 

1/  u.  c  o 

^  O  3  'O  C 

J  E  —  o  • 

3  ♦-*■/,  3  ■/) 

3  C  C  O  *  O 

3  O  rt  O  1/1 

3  3  »-•  C 

J  3  U  —  O 

E  C/  PS  3  u 

J  O  1/  0.3  10 

-  x>  o  o 

o  rt  —  >/i  C  '*- 

-  —l*.  CL  — 

l*  3  o.—  “3 

■*  l  i/l  X 

-<  •  O  O  3  t/‘ 

0  •/!  c  —  rt  c 

o  •*  O.  o  o 

3  ■/.  X  >  — 

-3303*^ 

1  *•  -  -  O-* 

X'O  —  3  C  V. 


3  |s 


n  d  <t 

/  —  o 

:  •:  fr* 


:  7.  t: 

f  O  C 

.  —  ...  O 

1/  —  3  O 

r* 


t  O  O  3  </* 

;  u  */i 

I  3  —  3 

■  rt  o  rt 

rt  .  C 

■  •*.  3  O 

I  'O  3  -  ‘i. 

I  U  3  U 


/  »•  0.0* 

3  O  3  0 

;  O  3  /  3  -rt 

«-  C  O  •  k-  I 

✓  p  -J  o  3  ^ 

C  —o*oo 

3  /  •  "o  3  rt  ' 

rt  O  o  3 

.  o  —  u  o  rt  o 

/  -  0*0  p  0  3 

.■’Sts‘5, 

;  O  «  3  3 

!  c  •  y  »r.  u  k 

Cl/.  p  —  « 

10  0  0/  k-  o  V. 

—  O  3  O  J*.  -•  • 

*  O  V  —  3  V. 

I  'J  O  >  •/  o  c 

rt  C  O  3  rt  fc. 

>  —  -  3  /  3  x 

rt  O  *-  3  3  O 

i/.  U  O  3  O 

>  t  U  O  O.  C  3 


j  S  S  • 

,  I.  IZZ 

?,  c  •■’  t 

, 

/  •/  M.  — 

:  o  n  3 

■)  o  o  c. 

'  ^  —  3  »- 

'  |o  o 

:  g  £  c“ 

3  1/.  fl  O 

;  *  S  E  ■* 

*  C  —  O  o 

-  rt  rt  g 

-  k*  n  x. 

o  o  — 

/  —  O  c* 

J  £1  u  C 
;  -  i*  3  3 

3  i/.  3  </,  . 

r  *•  o  3 

*  c  a.  o 

«  C.  </.  'i, 

■/.  o  */ 

’.  C  */  C-  — 

/  o  c  o  e 

J  —  P!  V. 

» •  /.  U 

*  rt  V  O  */ 

J  I/,  o  3  X 

.  —  t-  O  O 

/  —  *o  . 


to  o  a.  c  3 

rt  o  L.  o 

3  *r.  O  (/—</■ 

O  c  'O  f*  •-  o 

O  —-*-►/  rt  c 
t;  .  e  'O  3  c 

3  t-  C  —  o 

£;  3  o  -  rt  rt  *- 

o  1/  s  c  -*  ^ 

3  O  3  *0  x 

CO*  *  3 

3  3  3  *0  —0 

O  O*  0  3  3 

~  •-  C  -  C.  3  C 

O  rt  rt  o  o  o 

3  »-  X.  •-  O  C 

in  c  «  -t  c  — 

i/,  C  c  -t  3  > 

C  >o  c  o  rt  C 

O  •/  OX  O  O  o 

—  —  rt  3 

O  M  —  0*0 

»/  •'  o  0—3 

C  c  —  C  C  7* 

o  *-  o  c  </  -  • 

—  o  c  o  c  C 

«•  O  */•  —  rt  X 

—  —  O  o  C.  rt 

3  *0  j/.  »/.  O  V. 

—  3  3  C  o  •  rt 

o  o  r~  c  o 

*n  c  *  o  3  *o  e 

o  o  u  —  o  • 

o  —  3  ••  /  :* 

1/  *-*  3  C  C  O  *  O 

rt  C  O  rt  O  «/.  •/ 

i/  —  O  3  ^  C 

o  :j  o  3  c  —  o 

l  -  fc-C/rt3C 

*z  3  C  *-  n.3  >o 

O  O  C  X  o  o  *— 

—  OOrt—  v/  CV- 

OrtE*  -  &.  */ 

.  0  3  c.  —  3 

3  —  »  O  O  3  i 

OCO-/C—  rtc 
UO'-O-C-OC 
3  </  x  :•  .« 

X  —  C  3  3  O  3  •/ 

o  >  rt  •/  -  -  O'* 

—  'O  C-'O  —  3  c  •/. 


O  X  c 

—  c  r  3 
C-  c  —  o 

5  c£~ 

-  3  0*/ 

3  C  </.  O 


C  'O  c  — 

-  c  o  > 
*-  C  J 

P!  o  o  o  - 

C  -  •  —  'J 
PS  »/  3 

a.—  o  o 

*0  3  0*0 
«••  3  *0  *•  ’ 
n.  rt  3 
k-  3 
fl  E  3 

—  3  O  O 
—  -j  3 


ps  o  rt 

*/i  o 

£~- 


?  _  C  o 
O  3  O  f. 
3  C.  C 


O  C  3 
3  O  O  « 

c  *.  ■  o 

.  . 

^  £  o  /« 
c 

O  O  */  o 
C  3  /o  O 
3  EC 
o  cs  rt 

*■  </,  —  4J 

C  rt  3  ■/. 
—  .o  — 
o  c  ■/. 
n.  /rt  3  *o 


«  c  c  k. 

—  03 
•A  rt  o 


-  c  o  3  O 

3  'O  3  •  «o 

1/  c.  3  tx 

-no  c 
O  —  •/.  o 

,■  - s  i 

r  o  c  ».  — 

y  3  rt  O 

_  3  —  o 


O  rt  — 

Ml  O  o 

—  3 

—  O.  C  M 
0.0  0 
o  rt  —  o, 

3  /  rt  o 
o  n  3 
/.  c  u 


*-  c  rt  i/i 
C  o  c  o 
O  «3  . 

o  ~ 

k*  M  o  o* 
3  C  O  — 
o  o  — 
c 

r.  *  •*  ■/ 

rt  o  o 

O  C  3 
•/  3  /O 

o  c  oc  — 
-I  rt  C  3 


1/  c  0.0* 

3  o  3  r 

3  0  3  1/  3  .rt  C_ 

c-.  c  o  -  c  I 

I*  O  -J  O  3  3  O 

-  U  —0*00 

3  3  1/  •  O  3  n 

-  rt  O  O  X— .  >  3 

3  O  —  C  O  rt  O 

/  *  O  *0  O  O  3 

3  C  X  •  k*  x 

/  O  C  —  —  O  o 

:  o  rt  3-o 

SC  •  O  /re  3  k- 

c  i/.  a  —  i/i 

3000*/.  k-O**- 

—  0  3  0  --  * 

/  O  v  —  3  X 

/  O  O  >  c  o 

</  x  —cn.— 

.  rt  c  o  3  rt  O. 

5  —  —  3  </,  >  3  X 

'■  rt  O  k-  3  3  0 

1/  k*  o  3  O 

3  C  IX  O  O.  C  3 

3  rt  O  Q.  O 

3  i/.  O  0  —  1/. 

/  O  C  *0  k*  •/  o 

/  o  —  *•»/*/  q  c 

ic  •-  «  *o  /o  rs  c 

/  X  3  O  ^  rt  rt  £ 

;  o  •/  s  c  —  > 

3  3  o  3  *0  X 

.Co-  -  3 

3  rt  -5  -  O  —  o 

/  O  O*  0  3  3 

.  —  —  K  l-  o 

z  •/  c  —  E  3  C 

/  O  rt  rt  o  o  o 

1  3  *-*  X  *z  O  k- 

•  -  ••  . 

*  >/i  k.  k-  -f  rtj  O 

*  k.  «o  C  p  rt  c 

O  «-»  O  X  O  O  O 

z  —  —  rt  3 

*  U  i/I  —  c*  *o 

/  ^  ••  o  O  —  rt 

/  c  k.  ^  c  c  cr 

i.  o  *z  O  C  •/  • 

—  o  c  o  c  k- 

/■-*-OOiA—  ox 
3  -  —  o  o  n 

3  'O  «/.</.  U  1*- 

2  —  3  3  C  O  •  rt 

3  0  O  Ck.  c  o 

>  i/*  c  *z  o  3  «;•  c 

o  U  u  —  o 

»  O  —  3  k/  •/.  3 


-  3*  3  3 
-A  3  */,  - 

55  S  3 

c  to  o 
ti.  ii,  *o 
•/.  o 

a  ./  C.  — 

o  c  o  r. 


rt  1/  O  »z 
’/•  o  73  X 
^*  k.  O  O 
-*  'O  X  • 


3  0  3  0  3  k-  -  c 

E  k.  o  rt  rt  k 

*.;.  ♦/  rt  ♦/  o  •/  P-3  ■; 

k>  O  O  c  X  o  o’* 

—  —  o  o  rt  —  •/  k.  *« 

E  O  rt  E  -  -  Ik.  ex  . 

*0  k.  -  0  3  ti.  — 

k>  kz  —  —  I  I/I  X 
kz  rt  —  *oort- 

XOCO'/C  —  rt£ 
O  M,  o  —  O  —  0.0 

.  k/  ♦.  “3  /  *  . 

—  /■ ■  :«  k*  3  rt  o  •*  k 


o.  -  -  to 

k.  •—  > 

m  a  -  o 
C  £:  X 


n  -  c 

—  U.  U  fl 

£  o  o  « 
CV.  7, 


—  to  to 
x  o  >  */ 
oo  —  —  ns 

5  £  tJ  31 

n  n  * 

Cto  k.  06 


o  ►*  c 

to  k-  — 

c  so  ns  J 
o  fl  o 
-  ^  e  — 

•-•  4,  to  U. 


•*-  c.  so  n  c 

O  >  O  C  k.  fl  k/  7. 

t  rt  r-  x  O  O  C  O 

•/i  —  to  »-  X  to  ~ 

—  a  rj  *z  k.  k/ 

<*\  n  •  o  —  ns  o  t/» 

—  K  7,  g  o  X  w.  - 

S  to  3  XX  —  6/ 

fl  —  H  £  W  C  *' 
0  0.0  £  O 

U-OOC/CSOfl 

•j  O  k-  >  —  —  !>  ** 

O  t)  4  •»  O  *z  <9 

x  a.  x  »z  c  o  x 

kz  -  to  kz  O  4/  U.  O 

to  k/  X  2-t  1*0 

E  ••*  U,  93  re  C  U 

v  o  c  kz  -  x  c 

to  X  k*  O  k«  —  O  - 

x»-*tokzOto— 

H  ^  c*  •  93  -  to  ** 

»j  '*.  T  «  c  ►.  »' 

a  <  c  t  3  a1*-  o 

•  -  «U  Ok. 

0  4/  fl  71  kz  kz  to 

03  >  •  E  7  C  «. 

C-Ctotokzfl-7k. 


—  «  C*  u- 

-«  1  1  o 


C  C  -  C  to  to  k*  ' 

-  fl  71  £  k.  93  —  » 

x  k*  o  3  fl  n  i 


O  it  71  k* 

kz  X  to  V. 

a.  •-*  > 

—  4, 


to  '✓.  E  kz 
X  (-  <9 

eo  o 

</i  00  •— 

(4  C  >.- 

X  —  —  Q. 

C  to  Q. 
T  -  P  « 
O  fl  A 
X  *-*  E  00 
*/  e  -  c 
4*  O  X  — 
E  O  O  k. 

kz  41 
<  — .  a.  4» 
o.  ac 

OI  IS'H 


3  4/  k.  to  — 

k-  k.  x  fl  »  —  to  O 

fl  U-  to  00  CV.  E 

k<  O  «  3  /  «  OC 

4/  fl  O  —  to  k«  </3  O 

q.  O  ■*  k*  —  4/ 

E  k*  X  -  TJ  kz  ~ 

O  3  (!  w  k  3  ji  •  « 

~  ~  O.  kz  C  x  C 

*  h  -.  i/i  fl  o  — 

to  -'O—o  -  t: 

33  6  19  X  93  A  £ 

•—  a.  ■*-  *->  x  o 

SCO  HR  ** 

4i  u  >.  -  »-/  U  k.  4/ 

fl  kz  4/  i/l  ■  —  »  4/  "O 

—  to  X  to  X  -t  Q. 
k.  c  x  k>  00  a.  *»  k- 

4/  8  kz  k-  19  71  O 

>  i/lflkzfl—U- 

o  19  c  n  x  oo  —  _ 

-4  I.J  O  —  9J 

3  **-  >.  V.  kz  k.  to 

4/  O  93  H  O  O  ^  U  u 

7i  4/  —  —  D. ,  3 

3  71  71  9  P  k.  3  H  93 

«j  k.  19  4/  O0 
4/  O  4*  >.  ^3  k- 


U  O  t>  4/  4/  -<  7)  C.  4/ 

L  —  X  OOX  J  4/ 

IT39.lkC«C^  ^ 

c  -*  N  -»4  4/  3  7>  19 

0  <9  3  O  »T3«9XOCk. 
-•CO-4  *-  X  O  n 

4/  W  —  «  X  <9  p. 

U-  k.  .i  3  w  9  */4/ 

•*4  CO  4/  »/  X  -<  C  O  •*  71 

"4  C  O  ^  19  O  71 

-*  O  C  93  3  O  « 

)C,Ert4/0O^’"o§*C 
0  0-4  X>X0k*0-4 
u-  -3  fl  */  *j  a,  o  — 


:  7,  t* 

4  -4  19  19  O 


M  a-  <9  71  1 

C  EX-4! 
—4  4/  7)  i 

k/  X  ~4  -  c 

Ifl  *J  (9  k  O  ( 

*9  —CO 

-4  U  U  (9  <4 

X  O  0/  »-*  T3  C 

O.  71  o 

X  4/  71  -4  x  ( 
00  M  71*/- 
k4  k4  4)  4/  ♦ 

4/  T>  o  f*  B 

C  <*•  < 

4/4/  k4  4*  X 

—  4/  4/  X  ♦ 

X  O  >  k/  H 

00-4  .-4  19  * 

—  ♦->  *J  J  1 

X  k4  o 

<9  (9  4  0/1 

<k4  o.  k4  oo  Ck3  ; 

O  k/CC- 
4>  k>  —  fl  l 

C  Mlfl  j  ».  ( 

O  <9  O 

-  k*  6  H  fl  I 

k/  4/  4»  **4  k.  1 

O  >  4/  i  3  < 

3  <«  71  4/  */ 

•3  4/  <9  *4 

O  llttl  k.  k  ( 

k.  X  4/  «k4  4/ 

a.  m  >  a.  i 


<  Q.  X  4/ 
k.  V  K  OT3  I 
O  ><  4»  X  — 
<kO  kJ  S  I 
O',  o. 

9N«  O  fl  i 

£.5=3^' 

OH  ”9  0  1 

"Z  k4  ”5  4/  O  I 

>  O  3  Xt 


<9  C  X—  £  I 

X  —  -4  Q.  O  9 
C  4/  O. 

93  -4  k/  19  93  n 

O  <9  <9  C  •< 

x  */  e  o«  i9  : 

k*  c  —  c 

*0  x  -4  «/  <4 

U  O  k.4. 
k.  4k  -4  I 

<  a  c/  -*  i 

a.  o.  c 

tn  m  —  oo  | 

u/  oo  c  1 

X  71  c  O  ' 


MAC 

»  C  k*  <9  k7  71 

•  -4  o  o  c  o 

rt  "8  k/  Si  k/ 

•  O  —  «9  .4/  71 

:  u  x  u-  ^4 

4»  H  «k4  k- 

I  XX  —4k 

.  X  k/  C  tJ  k/ 

k  4/  C  3  O  19 


3  M  QO  O 
-93  (9  C  00 

3  C  k*  .«  x  C 

Ok-4U  — 

-  O  4/  —  fl  k- 

7  .'•9-4  4/4' 

3  —  C  k4  *j 

:  e  3  a.u-  19 

■4  0/  O  k* 

=  ^  71  C  00  ° 

l»  4/  k.  <9  Jt  k. 

-  93  —  —  — 

(9  *k<  0.0  4k 

l»  E  .OX 

m  4/  kZ  O  kZ 

7  4»  k«  O  — 

ki  Jj  M  lk4 

:  fl  J  -  j  o 

jo  a.  E 

3  71  7)  O  C 

D  —  4)  k4  1/3  O 

-  —  4/  — 

C  —  T}  */  k-> 

J  k.  3  V  19 

a  */  e  x  c 

-•  u)  a  o  — 


s.  >  «J  U  k4  4 

!  4*  X  -t  t: 


400  a  o 
4  —  Q.  3 

3  «J  k.  3  «k4  93  • 

4  19  4 >  O  O 

k  W  >,93  k.  X 
3  71  <9  «/  O0  O.  ^ 
n  —  —  M  3 

»l9  «  k 
C  O  O  U  71 
L>  —  71  Oi  4k 

r  ocx  J  4/ 

7  C  k*  C  kz  kZ 

—  4/  3  71  <9 

« 93  19  X  O  C  k- 
Ik  —  kz  X  O  <9 
4  -4  X  <9  —0. 
I  3  k/  93  kz  4> 
•I  jO  —  C  4k  —  71 

3  j  a  0  71 

3  93  3  O  19 

i  ll  £1  Is 

J  fl  H  W  0.0—' 


H  U  -  <9  7. 

c  e  x  ~ 

-4  v  71 

k-  X  -«  •  C 

7.  *z  fl  5 

fl  —CO 

—  u-  o  fl 

•“ 0  £.5:^ 

X  4/  71  —  X 
tx  «*  71  k* 

£  -  S  £  £ 

C  '*- 

0  4/  *4  <Z  . 

-•  4/  4/  X 
X  O  >  kz  H 
U  -  —  rt 
*4  kZ  kZ  X 

X  k4  o 

fl  fl  *  4k 
w  c.k*  *  M 

• 

4k  kz  -•  fl 
K  oc  <9  f  *- 

O  «  O 

•  •  k.  s  —  4/ 

#>  t/  4k  •-  k- 

o  -•  4k  •  3 

3  fl  7,  4/  kz 

-3  4/  fl 

0  V  71  k*  k. 

k-  X  4/  *♦-  tk 

“•“■S  £  fr 

O  71  fc.  4/ 

X  ••  O  fl  kz 

<  o.  X  4/ 
k-  K  4/  93 

O  ^  4/  x  - 

W.  £z  kz  Ji 

SC  u. 

93  --  ai  4/  n 
4/  H  H  7i 
li,/.  3  k* 

OH  fl  4k 

—  X  O  > 

O  k*  O  4k  O 

:•  o  3  x 

4k  1/1  93 

93-4  71  it 

c  5  .  i  3 

O  £  I  £  4/ 
•O  H  fl  X 

»fl  O 

71  t*  -  c 

fl  c  X—  fl 

X  «  -•  u  o 

cot- 

93  -4  kz  re  93 

O  fl  fl  C 

x  kz  e  oo  « 

kz  C  -  C 


4/  tx  fl  C 
>  O  C  H  fl  k>  7. 
.  fl  -  O  O  C  O 

:*  s4-t; 
2 . s 8-5# S 

7,  ^  r  4/  k-  u.  k. 
4/  3  >.X  -  4/ 

fl - -  X  C  "*3  •- 

u.S’opclofl 

O  £.  >  -  —  ^  k- 


U  Cl  4k  O  *  —  4k 

O.  E  O  O  k- 

O  •  kz  4/  — 


r.  -  4/  — 

o.  c 

as  fl  -  00 
u/  00  c 
X  71  c  O 

-  4k  — 


93  to  —  O  *-  fl 
tk.  X  kZ  c  O  X 

•4  «/  *Z  O  4k  Ho 

kz  X  3^4  0 

kz  H  93  fl  C  IX 

to  o  r  **  -*  x  c 

x  *-  o  k.  o  — 

kz  ok-OC.-4flk- 

*Z  4/  «  93  -  4/  4/ 

kz  H  93  *4  C  k-  kz 
fl<*  f  9  Q.V.  fl 

-  C  O  k- 

4k  fl  7.  kz  4Z  o 

asl#5I^ 

O  3  fl  v.  B.O  to 

—  —  4k  I  •  C  X 

0.  o  x  </*zr  *z 

7  o  k-  4>  k.  O  — • 

4k  k*  O  —  H 

k-  X  fl  S  -  Cj  O 

H  4k  01  CV.  ( 

O  kz  3  7  7.  C  C 

fl  O  —  4k  k.  1^  O 

O  J  k*  —  -  4/ 

k.  X  -  93  kz  z- 

3  fl  *z  k.  3  to  ■  » 

*z  o.kz  e  x  c 

XU-—.  </  fl  o  — 

-0—0  —  k»  E 

6  rex  93  fl  — 

O.U.  kz  X  c 

CO  4/  U  kz 

4/  #z  X  •  kz  O  k-  4/ 

*z  4k  V.  —  k  4>  93 

—  4/  X  V  X  •»  Cz. 

8X  kz  17  Cz.*9  k. 

kz  u  -fl  7.  o 

7)  19  k.  fl  —  H 

fl  C  fl  X  00  — 

—  O  0-93 

U-  X  H  kz  k.  4k 

O  93  U.  o  O  Cu  O 

to  —  —  tz.  3 

71  7,  93  kz  kz  3  H  93 
k/  k«  -*4  A  Ck  06 

4k  4k  —  kz  >.93  k.  > 

—  f,  O  7i  -94/  0CO.9 

a.  e  7i  —  —  — .  : 

£  -  Jet; 

93  4/  4k  -  71  Oi  to 
—  X  OOX  J<  4 

93  M  kz  C  kz  C  kz  k 

—  •«  ■—  to  3  71  t 

30  *93  fl  X  O  C  k 

—  C  to  —  kz  X  O  * 

U.  —  -  X  <9  -  C 

k.  tl  3  kz  93  kz  C 

U,  to  ••  X  -  K  to  -  - 

C  kz  o  J  fl  O  7. 

-  to  C  93  3  O  f 

E  §  to  o  S  to  e  < 

0-X>XOkzO' 

<k.93kzflkZkzQ.W'< 


L  -  —  O  71  • 

k-  —  >  kz  . 

e  ex  -  fl  71 


—  to  to  X  k 

:  o  >  kz  h 

*  —  —  M  k 

-•Zlk  I  < 

:  k.  o 

re  a  *  to  < 

-  a.  u  00  eu  ; 

3  *z  c  C  - 

4k  kz  —  fl  1 

:  ot>  re  -j  k.  < 

3  fl  O 

4  k.  E  —  4/  ( 

Z  to  to  u-  k.  1 
z  -  to  .  3  1 

3  fl  7)  to  kz 

3  to  fl  u 

3  to  71  k.  k.  < 

-  X  to  u-  to 

Xkz  >  _  q.  < 


-a  kz  j« 
a.  a. 

J  \  co  to  ra 
/  H  ui  7> 

».✓.  =  3  ^ 

)  H  fl  to 
4  X  O  > 

/  k«  o  to  O 
»  O  3  X 
/  1/3  93 

J  —  71  to 

<  C  7. 

:  ^  -03 

j  i  m  4* 

J  H  fl  X 
O 

n  00  —  c 

b  c  x  —  a 

:  —  —  0.0 
c  4/  a. 

3  -  kZ  fl  93 
3  fl  fl  C 
:  kz  E  00  fl 

j  c  -  c 

M  O  K  —  to 
E?  O  O  H  H 
k.  to  — 
t  —  O.  to  — 
a.  ac 

CO  fl  -  oc 

UJ  00  C 
X  71  C  o 
w  -  to  — 


OO  fl  c 

>  c  k-  <9  kz  7) 

.  -  o  o  c  o 

kz  X  4/  - 

(9flkzVz*z 
.  o  —  fl  to  71 
;  o  X  uz  - 
;  to  kz  uz  k. 

I  XX  -  to 

•  X  kz  C  93  kz 

k  to  c  3  o  re 


3z»  MO 
z  93  fl  C  00 
)  C  kz  -  X  C 


:  kkB; 

z  to  *•  O  — 

u  4/  —  u- 

:  a  s  -  to  o 
ic  ac 

3  7!  71  O  C 

3  —  to  k4  i7>  o 

-  —  -  to  — 

zC  1?  to  •  fl 

o.  *z  n  x  c 

-  1/1  fl  o  - 

4  4/  —  kz  E 

9  X  93  fl  U 

-  kz  •  X  to 

to  E  kz 

►»  *  kz  o  k*  to 

Ik  71  -  1  to  93 

-  4/  x  n  a. 

j  00  o.  *t  k* 

k«  fl  71  o 

fl  fl  kz  fl  —  H 

9  X  00  — 

O  0  —  93 
»,  U.  kZ  k.  4/ 

-00  0.0 

3  2  k.  §*  Uz  93  • 

4  fl  to  O  O  •-> 

4  kz  >,  93  U  X 

>  *  «  •»  ** 

.^cSoi:: 

ik  —  71  ci  to 

=  BOX  *  4k 

Z  C  *Z  c  kz  kz 

—  to  3  71  re 

*  93  fl  X  o  C  kz 

t»  —  kz  x  o  fl 
9  —  x  fl  -  o. 

•Z  3  *z  93  *Z  to 

U  X  —  C  4/  —  T> 

?93  *  ^  ^  S  « 

u  O  S  p  &■  c 

c  >  x  o  fc  o  — 


